Generation of submillimeter radiation by stimulated Raman scattering in an intense relativistic electron beam subjected to a spatially periodic transverse electric field is examined. The requisite electric field modulation can be obtained by rippling the wall of the conducting drift tube. When the electron beam is subjected to a periodic longitudinal electric field, short wavelength plasmons, rather than photons are generated. The growth rate and other parameters related to this instability are discussed.
I. INTRODUCTION
Free electron lasers based on stimulated Compton 1 '2or Raman 3 "' ' scattering by relativistic electron beams require a low frequency pump wave for their operation. To date, consideration has been given to pump waves that are either of the-form of a static, spaor tially periodic magnetic field ' 2 , 4 ,s/a propagating electromagnetic waie. 3 In order to achieve interesting levels of submillimeter radiation, one must strive for the largest pump amplitudes (at the shortest wavelengths) that are technically feasible. When one contemplates using an electromagnetic pump, a microwave generator capable of delivering 400 to 1000MW of power at a wavelength of several centimeters is needed. When the pump is in the form of a static; periodic transverse magnetic field of amplitude B1 and scattering, (where the Debye length is comparable with the wavelength), and it is the former process that will be of interest to
us.
Two kinds of electric field pump may be of interest. In the one, the electric field-is polarized transverse to the direction of beam propagation, and in the other it is polarized parallel to it. These cases are illustrated in Fig. 1 . When the modulation is transverse, the three-wave parametric process is of the stimulated Raman type leading to the generation of short wavelength photons. When the modulation is parallel to the beam, all three participating waves are longitudinal waves resulting in the emission of short wavelength plasmons. The two situations will be treated separately. We begin with the problem of transverse modulation.
II. THE TRANSVERSE ELECTRIC PUMP
In the upper part of Fig. 1 , the electric field is shown to be oriented perpendicular to the direction of beam propagation.
In the rest frame of the moving electrons, this pump appears as a transverse electromagnetic wave traveling antiparallel to the beam. Table I . Indeed, these results are the same as those derived 7 for Raman scattering for a static, periodic magnetic field pump, with the understanding that the magnetic modulation amplitude B for a magnetic pump plays the same role as E plays in the electric field pump. Thus, for example, a magnetic pump with a typical amplitude B =0.04T(400G).acting on oJa given electron beam yields the same stimulated Raman growth rate as an electric pump of amplitude E 0 3 =cBo .l20kV/cm.
An electron beam of radius a, uniform velocity v and current density J has associated with it a radial space charge electric field given by J r/2e v where r is the radius vector. At the beam edge r=a, the electric field is J a/2 0v, which for a relativistic beam (v~c) of radius 0.5cm and carrying a current of 20kA gives a field of ~2.4x106V/cm.. Thus, a 10 percent spatial field modulation appropriately induced leads to a pump of about the desired strength. One way to achieve this modulation is to ripple the wall of the conducting drift tube as illustrated in Fig. 2 . It will be shown momentarily that the potential V(r) at any point r within the beam is a function of both the beam radius a and the proximity of the conducting wall, that is, the distance b. On account of this radial potential distribution the beam electrons acquire a radial distribtion of axial velocities. At a given radius, the rippling of the wall induces an axial rippling in the particle velocities. Since the current density is constant, this in turn causes a rippling in the space charge density and thus in the radial electric field.
We compute the radial electric field E,(r=a) at the beam edge in an approximate way by assuming that the potential V is a func-dence, as if each section of the rippled drift tube were infinitely long, is not too serious provided that the modulation depth is small compared with the periodicity. More specifically, we assume that (b 2 -bi) 2 
<<X
2 (see Fig. 2 ).
(That squared quantities rather than linear dimensions enter the inequality comes from Poisson's
Consider, then, an infinitely long drift tube of radius b containing an electron beam of radius a and uniform current density J.
The beam is subjected to an axial magnetic field Bz so strong that (2)
and the boundary condition,
raJr=a-
-6 -
The last equation is a statement of the fact that the potential is continuous across the beam-vacuum interface r=a where it has a value Va; it has a value Vb.at r=b.
Equations ( For purposes of computation we assume that the electron beam fills the inner dimension of the drift tube such that a=bi of Fig.   2 . We also assume that the system is operated at maximum (i.e. Note, however, that the absolute modulation amplitude a(E 1 1 -E 1 2 ) still rises, though not dramatically, simply because I increases as V increases. In Fig. 5 the modulation amplitude is plotted as a function of V 0 , suggesting an onset of saturation at large V 0 .
Take, for example, the following experimental arrangement. A solid, unneutralized electron beam is produced by a 1.5MeV, 20kA
diode and propagates through a rippled drift tube having the following dimensions: a=b 1 =0.5cm; b 2 =0.75cm. We find from Fig. 4 that the peak-to-peak electric field modulation is 336 kV/cm. The ripple periodicity k, the spatial growth rate r, the radiated power at saturation P, and the scattering efficiency 7 n are calculated from theory and the results are given in Table II , for two wavelengths of the stimulated, back-scattered radiation, X=500P and X= 2mm.
For a longitudinal magnetic field B 08kG experiments conducted at both ripple periodicities given -operate in the so-called high gain collective regime, in which both scattered waves are normal modes of the plasma. Theory predicts 6 that cyclotron resonance effects will enhance the growth rates given in the 
III. THE LONGITUDINAL ELECTRIC PUMP
Now we take up the problem of a relativistic electron beam subjected to a static longitudinal electric field modulation as illustrated in the lower part of Fig. 1 . There is no conversion into electromagnetic radiation as was the case under discussion in Section II.
In the frame of reference of the beam, the pump wave stimulates the growth of two space charge waves (plasmons). One an' av'
av' aEl
Here n' is the perturbed rf density, N' is the average density, v' is the perturbed rf velocity; q and m are the charge and mass respectively, and E' is the z-directed rf electric field. For convenience, all nonlinear terms have been relegated to the righthand sides of the equations. Eliminating the rf density n' from these equations yields the nonlinear wave equation for the electric field
which is to be solved simultaneously with Eq. (6).
[w =(Ne2/me )12 p 0 is the plasma frequency.] To this purpose we write E' and v' as 
which specifies the frequency of the pump (note that the pump frequency w' and the wavenumber k'=w'/v do not represent a normal mode of the plasma). Transforming 1 6 from the beam frame to the laboratory frame, and then transforming the temporal growth rate to a spatial growth rate, leads to the formulas listed in the lower half of Table I .
In these calculations electron temperature and finite trans- One way to generate a static periodic electric field E is by charging with alternate polarity a set of equally spaced metal discs separated from one another by insulating spacers. Though The interaction is basically a parametric (i.e. threewave) process in which the pump frequency is twice the plasma frequency. The interaction is very similar to that described in Section III (cf Eq. (14) and Table I ) and differs in one respect only: since the beam is nonrelativistic (y+l), there is virtually no Doppler shift and the frequency of the growing waves is low and is given by w=7v/i [cf Table I ].
In the experiments of Decker and Hirshfield 23 a tenuous, non- Wave studies with rippled drift tubes are about to begin.
26
The electron beam is generated by a 1.5MeV, 20kA, 30nsec accelerator (Physics International Pulserad 110A) and is confined by a -10kG axial magnetic field. A 60cm long section of drift tube is rippled and has parameters like those given in Table II . The observations will be compared with theoretical predictions. Table II . Parameters for a free-electron Raman laser for a peakto-peak pump modulation of 336kV/cm and a=b 1 =0.5cm, b 2 /bi=1.5; Z is the pump periodicity, r the spatial growth rate, P the power at saturation,and n the efficiency at saturation.
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n(%) X=500 Fig. 1 . Schematic drawing of static, periodic electric pump fields.
In the upper figure the electric field is polarized at right angles to the direction of beam propagation. In the lower figure it is polarized along the beam direction. Fig. 2 . Schematic drawing of a rippled drift tube. 
